Jpn. I. Cancer Res. 84, 951-955, September 1993

Enhancing Effects of Estrogens on Endometrial Carcinogenesis Initiated by

N-Methyl-N-nitrosourea in ICR Mice

Kenji Niwa,*® Toshiko Murase,’ Tatsuro Furui,’ Shigeo Morishita,' Hidehiro Mori,' Takuji
Tanaka,” Hideki Mori* and Teruhiko Tamaya'

Departments of 'Obstetrics & Gynecology and Pathology, Gifu University School of Medicine, 40
Tsukasa-machi, Gifu 500

The present study was undertaken to examine the effects of estrogens, such as estrone (E;), 175-
estradiol (E;) and estriol (E;), on endometrial carcinogenesis initiated by N-methyl-N-nitrosourea
(MNU) in mice. A total of 120 female ICR mice received MNU solution (1 mg/100 g body wt.) and
normal saline at 10 weeks of age into their left and right uterine corpora, respectively. One week later,
they were divided into four groups and treated as follows: Group 1 (30 mice) was given 25 ppm
E;-containing diet; Group 2 (30 mice} was fed 5 ppm E:z-containing diet; Group 3 (30 mice) was given
25 ppm E;-containing diet; and Group 4 (30 mice) was fed the basal diet alone. At the termination of
the experiment (Week 30), all surviving animals were autopsied and histopathological examinations
revealed that endometrial adenocarcinomas had developed in all groups. The incidence of ad-
enocarcinomas in the MNU-treated uterine corpus in Group 1 (25 ppm E,-feeding, 9/23, 39%) was
significantly higher than that in Group 4 (basal diet, 3/26, 12%, P<0.05), Also, the incidences of
adenocarcinomas in the MNU-treated uterine corpus in Groups 2 (5 ppm E-feeding, 8/24, 33%) and
3 (25 ppm Es-feeding, 7/26, 289%) were higher than in Group 4, but the difference was not statistically
significant. Feeding of diet containing E,, E; and E, increased the incidences of the preneoplastic
endometrial lesions (atypical, adenomatous or cystic glandular hyperplasia). In the uterine cervix,
small numbers of squmous cell carcinomas, dysplasias or hyperplasias were occasionally found in all
groups. These results indicate enhancing effects of the above three types of estrogens on the

endometrial carcinogenesis induced by MNU in ICR mice.
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The role of estrogens in the etiology of endometrial
carcinoma has received considerable research attention.
A connection between unopposed estrogen and endo-
metrial cancer has been suggested.” Differential effects
of estrone (E;) or 173-estradiol (E;) and estriol {(E,),
among natural estrogens, on endometrial carcinogenesis
have been reported.”? E; and E, are considered to pro-
mote the growth of endometrial cells, while E; has been
reported to act selectively on vaginal and uterine cervical
cells without causing endometrial proliferation.”? How-
ever, the effects of these three estrogens on endometrial
carcinogenesis have remained to be differentially eluci-
dated. Recently, we have developed a rapid induction
model of endometrial carcinogenesis in mice and found a
synergistic effect of N-methyl-N-nitrosourea (MNU)
and E,.* In the present study, we examined the effect
of Ey or E; on endometrial carcinogenesis initiated by
MNU, using a modification of the above model, com-
pared with the effect of E,.

MATERIALS AND METHODS

Animals and chemicals A total of 120 female ICR mice,
10 weeks of age, were purchased from Japan SLC Co.

* To whom correspondence should be addressed.
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(Shizucka). Five or six animals were housed in a plastic
cage with hardwood chips and kept in an air-conditioned
animal room at 25+2°C and 55+ 59 humidity under a
12-h light/12-h dark cyele during the experiment. The
basal diet (Oriental MF, Oriental Yeast Co., Tokyo) and
water were available ad Ilibitum throughout the experi-
ment,

MNU was purchased from Nacalai Tesque Inc.,
Kyoto. E;, E; and E; were obtained from Sigma Chemi-
cal Co. (S8t. Louis, MO).

Treatment All mice received laparotomy under general
anesthesia with diethylether and were injected with
MNU solution (iotal volume: 0.1 ml) using a disposable
syringe (23 gauge) at a dose of 1 mg/100 g body wt. to
the left uterine tube and normal saline to the right uterine
tube. One week after the exposure to MNU, the animals
were divided into four experimental groups. Groups 1-3
were given diet containing a natural estrogen, E, E; or
E,, respectively. The doses of estrogens were decided as
follows: the diet containing 5 ppm E, was used in the
previous report,” and the doses of E; and E; were set at
five times that of E; mainly on the basis of their
half-1ife* ® to give almost the same biological potency on
the endometrium as obtained with E,. Group 1 (30 mice)
was fed the diet containing 25 ppm Ei. Group 2 (30
mice) or Group 3 (30 mice)} was fed the diet containing
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3 ppm E; or 25 ppm E;, respectively. Group 4 (30 mice)
was fed the basal diet alone. The experiment was
terminated 30 weeks after the start of the study. At the
termination of the experiment, all animals were killed
and autopsied. All major organs, especially the repro-
ductive organs, were weighed and carefully inspected
grossly. The uterus, ovaries, vagina and other lesions
suspected of being neoplastic or hyperplastic were sub-
mitted to histological examination. Tissues were pro-
cessed for histology by the conventional method, and
sections (3 ym in thickness) were stained with hema-
toxylin and eosin (H-E).

Histology of the uterine lesions According to the WHO
criteria,”t uterine endometrial lesions were divided into
four groups: cystic glandular hyperplasia, adenomatous
hyperplasia, atypical hyperplasia and adenocarcinoma.
Uterine cervical lesions were divided into three groups
according to the criteria of Mufioz et l¥: hyperplasia,
dysplasia and squamous cell carcinoma.

Statistical analysis Statistical analysis was done by using
the x? test or Student’s ¢ test.

RESULTS

Seven mice in Group 1, six in Group 2, five in Group
3 and four in Group 4 died within 15 weeks, though no
pathological abnormalities other than pneumonia were
found. The remaining animals survived until the termina-
tion of the experiment and were counted as effective
animals.

The mean body weights, and mean weights of the left
or right uterine corpus and cervix are summarized in
Table I. The mean weight of the left uterine corpus was
significantly greater than that of the right uterine corpus
in each group (P< 0.05). However, as regards the mean
body weight, mean weight of the left or right uterine

corpus, and mean weight of the uterine cervix, no signifi-
cant differences were found among the four experimental
groups.

The gross appearance of the cut surface of the uterus is
shown in Fig. 1. The uterine corpora in Groups 1-3 were
generally swollen and sometimes contained tumors, par-
ticularly in the left uterine corpus. The cut surface of the
tumor was whitish-gray in color and compact.

Histological examination revealed neoplasms in the
bilateral uterine corpora in all groups. In the uterine
corpus, these tumors were well or moderately differen-
tiated adenocarcinomas (Fig. 2). The incidences of the
preneoplastic and neoplastic lesions in the uterine corpus
are summarized in Table II. The incidence of adeno-
carcinoma of the left uterine corpus in Group 1 (9/23,
39%) was significantly higher than that in Group 4
(3726, 12%, P<0.05). The incidences of adenocarcinoma
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Fig. 1. Cut surface of the uteri of mice in Groups 1
{MNU/saline+E,;) and 4 (MNU/saline alone). The uterine
corpora of the mouse in Group 1 are markedly swollen in
comparison with those of the mouse in Group 4. A tumor
(arrow) with whitish-gray color is located in the left uterine
corpus.

Table I. Mean Body Weights, and Mean Weights of Left and Right Uterine Corpus and Cervix

Initial Effective , Wet weight of Wet weight
C,}roul; ¢ number of number of BOdy( “;elght uerine corpus (g) of uterine
(Treatment} animals animals® E Left Right cervix (g)
Group 1 30 23 45.5+5.59 0.571 0,509 0.3410.12 0.2610.13
(MNU/saline +E;)
Group 2 30 24 42.815.0 0.71+0.259 0.35+0.16 0.30£0.15
(MNU/saline+ E,)
Group 3 30 25 43.1+3.1 0.67+1.519 0.33+0.11 0.36+0.14
(MNU/saline + E;)
Group 4 30 26 48.0+59 0.81+1.709 0.33+0.20 0.22+0.11

{(MNU/saline alone)

a) Animals that survived more than 15 weeks.
b) Mean* 8D,
¢) Significanily heavier than the right side {P<0.05).
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of the left uterine corpus in Groups 2 (8/24, 33%) and 3
(7/26, 289%) tended to be increased over that in Group 4.
In the right uterine corpus, small numbers of adeno-
carcinomas were observed in all groups. Besides the neo-
plasms, preneoplastic lesions of the uterine corpus were
also found. Atypical hyperplasia (Fig. 3) and adeno-
matous hyperplasia (Fig. 4) were seen in Groups 14
(Table II). The incidences of atypical hyperplasia of the
left uterine corpus in Groups 1 (14/23, 619%) and 2 (16/
24, 67%) were significantly greater than that in Group 3
(8/25, 329%, P<0.05) or 4 (7/26, 27%, P<0.01). The
incidence of adenomatous hyperplasia of the left uterine
corpus showed no differences among all the groups. The
incidences of cystic glandular hyperplasia of the left

Effects of Estrogens on Endometrial Carcinogenesis

uterine corpus in Groups 1 (19/23, 83%), 2 (22/24,
92%) and 3 (24/25, 96%) were significantly higher than
that in Group 4 (5/26, 19%, P<0.01).

In the right uterine corpus treated with normal saline,
hyperplastic lesions were present, but their incidences
were generally decreased compared with those found in
the left uterine corpus. The incidences of adenomatous
hyperplasia of the right uterine corpus in Groups 1
(21/23, 91%) and 2 (23/24, 96%) were significantly
higher than that in Group 4 (12/26, 46%, P<0.001). The
incidences of cystic glandular hyperplasias in the right
uterus in Groups 1 (19/23, 83%), 2 (21/24, 88%) and
3 (23/25, 92%) were significantly higher than that in
Group 4 (1/26, 4%, P<0.001).

Ve k. B

dometrium in a mouse treated with MNU and E,. X70.
Inset: High-power view of the same lesion. Mitoses are fre-
quently present in atypical glands. H-E. >} 320.

Fig. 3. Atypical hyperplasia of the endometrium in a mouse
treated with MNU and E;. X 180. Inset: “Back-to-back crowd-
ing” with slightly cytological atypia is apparent. H-E. X 320.

Table II. Incidence of Preneoplastic and Neoplastic Endometrial Lesions in Each Group
Effective Left uterus Right uterus

GTfOUP number of Number of animals with Number of animals with

(Treatment) animals  CGH” AdH AtH ADC CGH AdH AtH ADC
Group 1 23 199 22 149 94 199 212 109 2
(MNU/saline+E;) (83%) (96%) (619%) (39%) (83%) (91%) (43%) (9%)
Group 2 24 229 23 1649 8 219 239 7 4
(MNU/saline+ E;) (92%) (96%) (67%) (33%) (88%) (96%) (29%) (89%)
Group 3 25 249 23 8 7 239 14 5 2
(MNU/saline + E;) (96%) (92%) (32%) (28%) (92%) (52%) (20%) (8%)
Group 4 26 5 20 7 3 1 12 2 1
(MNU/saline alone) (19%) (77%) (27%) (12%) (4%) (46%) (8%) (4%)

@) Animals that survived more than 15 weeks.

b) CGH, cystic glandular hyperplasia; AdH, adenomatous hyperplasia; AtH, atypical hyperplasia; ADC, adenocarcinoma.
c—g) Significantly higher than that in Group 4 (¢, P<0.001; 4, P<0.05; ¢, P<L0.01).

/) Significantly higher than that in Group 3 (P<0.05).
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Fig. 4. Adenomatous hyperplasia of the endometrium in a
mouse treated with MNU and E,, x180. Inset: “Back-to-
back crowding” is present in the lesion. However, cytological
atypia is absent. H-E. X 320.

Squamous cell carcinomas, dysplasias (Fig. 5) and
hyperplasias of the uterine cervix were found occasion-
ally in Groups 1 to 4, as shown in Table III. In addition, a
few non-epithelial tumors were found only in the uterine
corpus in Groups 1, 2 and 4. These were histologically
leiomyosarcomas and hemangiomas. In other organs, one
mammary adenccarcinoma was seen in a mouse in
Group 4.

DISCUSSION

In the present study, the incidence of endometrial
adenocarcinema in the group treated with MNU and 25
ppm E;-feeding was significantly higher than that in the
group treated with MNU alone ( P<0.05). The incidence
of adenocarcinoma in the group treated with MNU and
5 ppm E;- or 25 ppm E;-feeding tended to be increased
compared with that of the group treated with MNU
alone, though the difference was not statistically signifi-
cant. Although E,, E; and E; have enhancing effects on
MNU-induced endometrial carcinogenesis, the dose of
E: needed was 5 times higher than that of E, for exerting
a similar enhancing effect to E,.

In animal experiments, hormonal dysregulation,
namely an increased estrogen/progesterone ratio has
been considered to be associated with endometrial
carcinogenesis in mice” and rats.” The relative carcino-
genic potentials of E; and E; on the endometrium have
been discussed.” E; is biologically potent due to its long
half-life (48 h), but is readily oxidized to E,. E, is con-
sidered to be intermediate in biological potency (half-
life: 24 h).>® Thus, in the present study, E, was used at
five times the concentration (25 ppm) of E; (5 ppm), and
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Fig. 5. Dysplasia of the uterine cervix in a mouse treated
with MNU and E,. H-E. < 135.

Table III. Incidence of Preneoplastic and Neoplastic
Uterine Cervical Lesions in Each Group

Group Effective Number of animals with
(Treatment) nurpber of ; ; b
animals® Hyperplasia Dysplasia  SCCH
Group 1 23 79 1 0
{MNU/saline+E;) (30%) (4%) (0%)
Group 2 24 g2 2 0
(MNU/saline+E,) (32%) (8%) (0%%)
Group 3 25 119 0 b
(MNU/saline + E;) (44%) (0%) (0%%)
Group 4 26 1 1 I
(MNU/saline alone) (4%) (49%) (49%)

@) Animals that survived more than 15 weeks.
b) SCC, squamous cell carcinoma.
c) Significantly higher than that in Group 4 (£<0.001).

this is the first report demonstrating an enhancing effect
of E; on MNU-induced mouse endometrial carcino-
genesis. These results are consistent with previous reports
that E; was exclusively produced in patients with endo-
metrial cancer” and that postmenopausal women pos-
sessed a relatively high concentration of E;.'?
Previously, we have shown that the incidence of en-
dometrial adenocarcinoma was 23% in a group treated
with E; (5 ppm) diet for twenty weeks.¥ Thus, the
carcinogenicity of continuous feeding of E, on the en-
dometrium in mice was apparent., In the present study,
we sought to examine the effects of other natural estro-
gens, E, and E;, under the same hormonal condition, for
comparison with the effect of E,;. Therefore, MNU solu-
tion was injected into the left uterine corpus, while
normal saline was injected into the right uterine corpus.



A small amount of the MNU selution might flow to the
other uterine corpus, but most of the solution was con-
sidered to remain on the side into which it was injected.
This is suggested by the different incidence of the tumor
development between the left and right uterine corpus.
Therefore, it is considered that the right uterus given
saline alone in mice fed E;, E; and E; might be a valid
control. In addition, the weight of the left uterine corpus
was significantly heavier than the right uterine corpus in
each group. The difference was considered to be due to
the presence of adenocarcinoma and other preneoplastic
lesions.

It has been reported that E,, an end product of E; and
E:, given by various routes of administration, appears to
have a selective proliferative activity in the epithelium
of the uterine cervix and vagina, but not on the endo-
metrium.'* ' Thus, postmenopausal women, suffering
from climacteric syndorome, have been treated with E,.
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